In Aerobacter aerogenes, the mutational event permitting the utilization of Darabinose as a source of carbon and energy is a regulatory mutation resulting in the constitutive synthesis of certain enzymes of the L-fucose catabolic pathway. L In previous papers, evidence has been presented that the initial mutational event permitting the growth of Aerobacter aerogenes strain PRL-R3 on D-arabinose is a regulatory mutation. This mutation permits the constitutive synthesis of enzymes of the L-fucose catabolic pathway. L-Fucose isomerase (EC 5.3.1.3) catalyzes the isomerization of D-arabinose to D-ribulose (5, 15). The latter ketopentose is a normal intermediate in ribitol degradation and induces both enzymes of the ribitol catabolic pathway: ribitol dehydrogenase (EC 1.1.1.56) and D-ribulokinase (EC 2.7.1.47). The induced kinase then catalyzes the second step for the degradation of D-arabinose (4). A partial purification of this isomerase has been described (5, 8).
In previous papers, evidence has been presented that the initial mutational event permitting the growth of Aerobacter aerogenes strain PRL-R3 on D-arabinose is a regulatory mutation. This mutation permits the constitutive synthesis of enzymes of the L-fucose catabolic pathway. L-Fucose isomerase (EC 5.3.1.3) catalyzes the isomerization of D-arabinose to D-ribulose (5, 15) . The latter ketopentose is a normal intermediate in ribitol degradation and induces both enzymes of the ribitol catabolic pathway: ribitol dehydrogenase (EC 1.1.1.56) and D-ribulokinase (EC 2.7.1.47). The induced kinase then catalyzes the second step for the degradation of D-arabinose (4). A partial purification of this isomerase has been described (5, 8) .
This paper described the further purification and some of the properties of L-fucose isomerase and an apparent mutant form of the enzyme which possesses increased activity for D-arabinose as a substrate.
MATERIALS AND METHODS
Bacterial strains, media, and growth conditions. The parent strain used in this investigation was A. aerog- ' This paper was presented in part at the 68th Annual Meeting of the American Society for Microbiology, Detroit, Mich., 5-10 May 1968. 2 Present address: Department of Biochemistry, Division of Enzymology, National Institutes of Health, Bethesda, Md. 20014 enes PRL-R3. Strain 502 was constitutive for L-fucose isomerase activity and was isolated from PRL-R3 by selection on D-arabinose-salts medium. Strain 531 was isolated from a culture of 502 which had been maintained by transfer on slants of D-arabinose-salts agar for several years. Strain 534 was isolated from 531 for its lack of ability to utilize D-arabinose after treatment with N-methyl-N'-nitro-N-nitrosoguanidine and penicillin enrichment (1, 4) .
The basic growth medium consisted of minimal salts (12) supplemented with 0.5% of carbohydrate or 1% casein hydrolysate (vitamin-free, salt-free, acid hydrolyzed, Nutritional Biochemicals, Inc.). All cultures were grown aerobically at 30 C. For purposes of enzyme purification, cells were grown in New Brunswick microferm fermentors. The 12-liter fermentation tanks contained 10 liters of medium and were sparged with air at 4.5 liters per minute and agitated by a rotor turned at 250 rev/min. Growth was measured as described previously (14) .
Determination of enzyme activity. Assays for isomerization of D-arabinose and L-fucose were performed spectrophotometrically by observing the rate of reduced nicotinamide adenine dinucleotide (NADH) oxidation at 340 nm with a multiple absorbance spectrophotometer (Gilford, model 2000). The Purification of enzymes. Ribitol dehydrogenase and L-xylulokinase were purified as described previously (10, 11) .
For the purification of L-fucose isomerase, 10 to 20 liters of cells were harvested in the late exponential growth phase with a Sharples steam-driven centrifuge. Cells were washed with distilled water and resuspended in 10-3 M phosphate buffer containing 5 x 10-4 M ethylenediaminetetraacetic acid (EDTA), 5 x 10-4 M MnCl2, and 10-S M mercaptoethanol at pH 7.5. The buffer referred to throughout this purification procedure was of similar composition and pH with the exception of the phosphate concentrations. The temperature was maintained at 4 C throughout the purification procedure. Cells were broken by means of the Ribi refrigerated cell fractionator (Ivan Sorvall, Inc.).
The first two fractionation steps are similar to those previously described for a partial purification of the enzyme (8) . After centrifugation at 31,000 x g to remove cell debris, the supernatant fluid was diluted to adjust the protein concentration to 10 mg/ml. Ammonium sulfate was added to 0.1 M, and a solution of protamine sulfate (18 mg/ml) was added to give a final protamine concentration of 1 The electrophoresis was always accomplished at 4 C, using precooled buffer systems, with a current of 8 ma/tub for a duration of from 3 to 6 hr. After the gels were removed, they were stained with 1% amido black (in 7% acetic acid) for 30 min. The gels were destained electrophoretically with 7% acetic acid as the conducting fluid. The gels were scanned by using a recording densitometer (Photovolt) or were recorded photographically with high-contrast copy film (Kodak, HC 135-36).
To recover the enzyme activity, the gels were sliced with a razor blade into 1-mm thick wafers and placed in 0.5 ml of buffer for extraction.
Ultracentrifugation was performed in the analytical ultracentrifuge (model E; Beckman Instruments, Inc., Spinco Division, Palo Alto, Calif.) fitted for recording with the type RS Dynograph attachment (Beckman Instruments Inc., Offner Division, Schulter Park, Ill.). The protein sample used for analysis was put in a 12-mm, Epon-filled, double-sectored (2.5 inch) cell, with sapphire windows, and run in an An-H Titanium rotor (Beckman). The sample was centrifuged at 36,000 rev/min at 20 C with an ultraviolet optical system for recording the movement of the boundary.
Sucrose-gradient centrifugation was by the procedure of Martin and Ames (7 (Fig. 3) .
Activity of L-xylose. At least one of the mutational events required to permit growth on L-Xylose is a mutation for the constitutive synthesis of L-fucose isomerase (5 Table 2 , and the reciprocal plots of ve- L-xylose to L-xylulose was measured by using two different assay systems. The first involved the incubation of L-xylose with enzyme and determination of the L-xylulose formed by means of the cystein-carbizole test (2) . The second assay system used a partially purified preparation of L-xylulokinase to couple L-xylulose phosphorylation through the spectrophotometric assay for kinase activity (3 Fig. 4 . A similar Vmax was obtained for both D-arabinose and L-fucose. As previously reported, dithiothreitol was a competitive inhibitor for either substrate (13) . This compound was also effective in protecting the isomerase against any noticeable heat inactivation when subjected to 55 C for 10 min (Fig. 5) and allowed only a 20% loss of activity after 25 min. Both substrate activities were equally protected by the presence of dithiothreitol; however, in the absence of this compound, they declined in parallel, losing over 50% of their activity in the first 10 min and over 80% in 25 min. When L-fucose was present in sufficient quantity to give maximal activity, the addition of D-arabinose did not result in an increase in activity. Mutant strain 531. In one purification experiment, a difference in the normal L-fucose to Darabinose activity ratio was observed. With the normal substrate concentrations of 6.7 x 10-2 M used in the assay system, the D-arabinose activity was now greater than the L-fucOse activity; this new ratio of activity was maintained during the entire fractionation procedure. The D-arabinosegrown culture of strain 502 which had been used as inoculum for this particular experiment was examined and found to consist of two types of cells. One type showed the normal isomerase activity, whereas the second possessed an altered Darabinose to L-fucose activity ratio. The double reciprocal plot of velocity versus substrate concentration (molarity) of the isomerase purified (40-fold) from this new strain are shown in Fig.  4 . Strain 531 appears to produce an altered isomerase with an apparent decrease in the Km value for D-arabinose and perhaps L-fucose Table 2 ).
Organisms possessing the altered isomerase ratio could be selected from the original population simply by plating the constitutive mutant on D-arabinose and picking the large colony types. Further screening showed a one-to-one correspondence of colony size to the new ratio of Lfucose to D-arabinose. The large colonies once picked and grown on D-arabinose or casein hydrolysate always produced the novel ratio. The small colonies, on the other hand, always produced organisms, the isomerase activity of which was greater on L-fucOse than D-arabinose. Mutant Growth on D-arabinose also results from a regulatory mutation, one which permits the constitutive synthesis of enzymes of the L-fucose catabolic pathway. The isomerization of D-arabinose to D-ribulose is catalyzed by an L-fucose isomerase which appears to be unaltered in its normal catalytic activity or physical properties. This isomerase was purified to apparent homogeneity from an inducible wild-type PRL-R3 strain and two constitutive mutants. Homogeneity was indicated by a single protein peak exhibiting both isomerase activities, by using the following procedures: (i) disc-gel electrophoresis, (ii) ultracentrifugation in both the model E and model L ultracentrifuge, (iii) Sephadex gel filtration, and (iv) ion-exchange chromatography.
The apparent Km of the enzyme from the wild type and 502 constitutive mutant was the same for both L-fucOse and D-arabinose (0.15 and 0.05 M, respectively). The maximal velocity catalyzed by the enzyme from either organism was identical for both sugars. At maximal catalytic velocity for L-fucose, the addition of D-arabinose did not result in increased activity. The Vma.
data would appear to indicate indirectly that the sugars are acted on at the same catalytic site.
Dithiothreitol competitively inhibited activity for both substrates, exhibiting an apparent K, which was equal for either substrate (13) . This compound protected activity on both sugars against noticeable heat inactivation at 55 C. Both activities were shown to decline in parallel at 55 C, however, in the absence of this agent. The inhibition data would also tend to support the thesis that the sugars are binding at the same site.
Activity was stimulated by the addition of the same divalent metallic ions. No protective effect was found, however, during heat inactivation due to presence of divalent ions.
Continued selection on D-arabinose has resulted in the isolation of an additional mutant (strain 531) which has an alteration in the apparent Km of the enzyme for D-arabinose isomerization. This alteration in ratio can be directly correlated to colony size of the organism when grown on D-arabinose. 
